To investigate the longevity and robustness of high-latitude flux patches in the geomagnetic field at the core-mantle boundary, we present time-dependent models of the geomagnetic field for the past 7000 years. Our models use the same data set as previously used for time-dependent archaeomagnetic field modelling, but constrained with additional priori models from time averages of field models covering the last 150, 400 and 3000 years. We find that the data are consistent with flux patches existing in both north and south hemispheres for the past 7000 years, and that the northern hemisphere patches at least have highly dynamic behaviour. Simple averaging of the historical field may not be appropriate to obtain a characteristic time-averaged model of the field for comparison with other geophysical observables. Our results should inform geodynamo studies of thermal core-mantle coupling, and of possible long-term structure in the geomagnetic field.
Introduction
physical quantity, such as a bound on the electrical dissipation in the dynamo (Gubbins, 36 1975), the mean square field strength over the CMB, or its time variability. Such assump- To investigate this issue, we seek models of the field which minimise the deviation of that of the present day seems no more unreasonable than a zero prior, which we know to be 51 false. By doing this, we investigate whether it is the data or the regularising assumptions 52 which lead to episodic or missing flux patches. If the models we generate include the flux 53 patches, then we can argue that there is insufficient evidence to reject the patches being 54 consistent features in the field; if the patches move around, are episodic or absent, then 55 we may reject this hypothesis, and make stronger statements about the behaviour of the 56 centenial and millenial structure of the geomagnetic field. 
Data and a priori models

58
The data set is the one used to generate CALS7K. space are applied in order to find models with minimum structure required by the data.
109
Many different models may be appropriate solutions to the inverse problem, ranging from 110 very smooth models with large misfit to the data to complex models fitting the data closely.
111
The regularisation parameters (the damping parameters or Lagrange multipliers controlling 
124
In this study, however, we do not seek an absolute minimum structure model, but the 125 minimum deviation from a given average field structure required by the data. We replace 
where B r is the radial field of the new model and B r (m 0 ) that of the a priori model m 0 .
131
The integration is performed over solid angle dΩ at the core surface, averaged over the (l + 1)
where a is the radius of the Earth, c the radius of the CMB, {g coefficient, or all three dipole coefficients were not influenced by the spatial regularisation.
143
We found that with our criteria for the preferred amount of regularization the differences 144 between these three types of model were small. Nevertheless we retained only the models 145 where the dipole was not included in the spatial regularization in the following comparison.
146
The final modelling procedure minimises the functional
with spatial and temporal damping factors (Lagrange multipliers) λ S and λ T respectively.
148
The normalised root mean square misfit (RMS) between model predictionsx i and data x i 149 is defined as
with uncertainty estimates σ i and N the number of data. The spatial norm compared with 151 the a priori model m 0 is defined in equation (1), and the temporal norm (like the spatial 152 norm, averaged over the modelling period) is defined
(t is time) which can be calculated using a quadratic norm of the form of equation (2).
154
In the end we calculated four new models, summarized in tabletab:models. For com- 
Results
165
As a first step to comparing our models, Figure 2 shows the main field and secular 166 variation spectra of the time averages of the four investigated models at the CMB together with the spectra of the a priori models and the CALS7K.2 spectra. By plotting these 168 spectra at the CMB we emphasize the differences in higher degrees. The secular variation 169 spectra of the four new models look nearly identical, which is not surprising due to the CALS7K.2 is due to the different regulariation applied.
175
We next consider global diagnostics averaged over the whole 7 kyr time interval. We time interval 5000 BC to 1000 BC, which is not considered in any of the a priori models.
190
This second set of diagnostics should eliminate (or at least limit) the bias from considering M0, the M400 marginally better, and the M3k substantially better.
201
In conclusion, the data can be fit better by a model requiring less temporal variability if This feature has also been seen in previous models (see, for example, the snapshot models current field from satellite data may be less appropriate than the longer term averages.
270
It is interesting to note that all three models using a priori field averages for regular-
271
ization cleary indicate the existence of three large northern hemisphere areas of high flux 272 concentration on average (Fig. 4) , while the historical field averages (and present field) 273 mainly show two (Fig. 1) . The highly dynamic evolution of the flux pattern over time, Bloxham, J., Gubbins, D., Jackson, A., 1989. Geomagnetic secular variation. Philos. Trans.
